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Topdressing Nitrogen, Phosphorus and Potassium on 
Warm Season Grasses for Pasture Production 
Earl M. Kroth and Richard Mattas 
The introduction of Kentucky 31 tall fescue brought a change to pasture production 
10 Missouri in the mid-1940·s. Kroth and Meinke (1981) point out how this 
introduction, along with county soil testing laboratories, relatively inexpensive nitrogen, 
phosphorus and potassium fertilizers, development of large feed lots, bull dozers, brush 
killing herbicides and the establishment of the Southwest Missouri Center have resulted 
in a rapid increase of beef cow numbers since 1953. The number of beef cows calved 
reached a maximum of 2.76 million in 1975 . 
Tall fescue is not a perfect grass for forage production. It grows well during spring and 
fall months, but little duringJuly and August. Spring and early summer growth, kept for 
summer grazing, is low quality. Attempts to provide more and better summer forage 
include planting annual crops such as sudangrass, sudan-sorghum hybrids and pearl 
millet. Harvesting spring grown fescue in the early head stage for hay to be fed during 
midsummer has been attempted. All these methods are relatively expensive and labor 
consuming. A better alternative appears to be the inclusion of warm season grasses in the 
pasture program. 
Matches (1968) began a warm season grass testing program in the mid-1960·s . By 
1968, he had settled on twO, Caucasian Bluestem and Blackwell Switchgrass. Two acre 
pastures of these grasses were established, in 1968, and put into grazing testS, in 1970. 
To fertilize efficiently these grasses under south Missouri conditions, the experiments 
reported here were initiated at the Southwest Center, in 1971. 
Kroth et al. (1969), and Kreth and Mattas (1974, 1976) show that topdressing P and 
K fertilizers on forage crops is as effective as bringing the soil up to soil test before 
seeding. Also, sampling the soils by one-inch depths at the termination of studies show 
major portions of topdressed P and K unused by the plants are concentrated in the upper 
inch, with the upper 3 in. representing the depth from which plants receive most of their 
nutrients. These nutrients, according to George and Thill (1979), are absorbed rapidly 
whenever soil moisture and temperature are favorable. Consequently, the topdressing 
study with warm season grasses began at the same time, and with the same general 
objectives, as the study with cool season grasses at the North Missouri Center reported by 
Kreth and Meinke (1981). 
Evaluation of cool season grass forage yield data by Kroth and Meinke (1981) are 
based on an average hay yield of 3 ton/acre per yr. This is considered an optimum cool 
season grass hay yield because it is equivalent to the cool season forage efficiently grazed 
by beef cows without a complicated rotation system. The 3 ton/acre per yr. is estimated to 
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be the grazing equivalent of 6 animal unit months (Jacobs 1), or 200 cow days/acre 
(Whearon 1, Hanson and Brown , 1977). This estimated grazing equivalent is based on the 
assumption that the quantity of forage utilized by grazing beef cows would be 65-75 % of 
the same forage harvested as hay, the range depending on forage quality and grazing 
management. 1 
Objectives - Warm Season Grasses 
The ojectives of these studies were: (1) to determine the 0-3 In. depth P20S and 
exchangeable K soil test values related ro optimum forage yields produced by topdressed 
fertilizers; (2) to determine the annual quantities of P20S and K 20 topdressed fertilizer 
necessary to maintain optimum forage ptoduction without increases in the 0-3 in. depth 
soil test values; (3) to clarify the role of luxury consumption in feed-the-plant method of 
forage production of warm season grasses on non-rotation soils; and (4) to determine the 
amount of N needed for optimum forage production in the absence of legumes. 
Summaries and Conclusions 
1. Blackwell Switchgrass and Caucasian Bluestem produce optimum forage yields at 
lower N P K levels than expected. 
2. Sixty lbs N produces an excess of 3 ron/acre per yr, and 120 Ibs produces an excess of 4 
ron/acre per yr of switchgrass forage with adequate P and K. The expected yields for 
bluestem would be 3.8 and 4 .8 ron/acre per yr, respectively. 
3. The first cutting produces 55 % of the annual yield of Caucasian Bluestem. For 
Blackwell Switchgrass, the first cutting produces 63 % of the annual yield. 
4 . Blackwell Switchgrass forage tends to have the higher P content. However, because 
Caucasian Bluestem produces a larger yield, its P luxury consumption capacity is 
about the same; 9 lbs P 60 lbs N/acre per yr; 11. 5 lbs P 120 lbs N/acre per yr. 
5 . The critical P level for both grasses is 0.10% and the P luxury consumption 0.22%. 
6 . The critical K level is the same for both grasses, close to 0.75%, but the luxury 
consumption is 1. 50 and 1.75% for switchgrass and bluestem, respectively. 
7. Because bluest em has a higher K luxury consumption percentage, and also produces 
a higher yield, it has a higher K luxury consumption capacity than switchgrass. For 
switchgrass, the 60 lbs N value is 67 lbs K, for 120 lbs N the value is 88 lbs Klacre 
per yr; for bluestem the values are 83 and 108 lbs/acre per yr for 60 and 120 Ibs N, 
respectively. 
'Personal communications from: Dr. V. E. Jacobs, Department of Agricultural Economics; Dr. H . N. 
Wheaton, Depatrment of Agronomy; Dr. R. E. Morrow, Department of Animal Husbandry; University of 
Missouri-Columbia and Dr. R. E. Blazer, Department of Agronomy, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia. 
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8. The 0-3 in . P20 5 soil test values, above which no yield increase would be expected, 
are the same for both grasses, 30 and 45 Ibs/2 million Ibs of soil for P I and P2 
extractants, respectively. When these soil test levels are maintained , it is expected 
that the P luxury consumption capacity of the grasses would not be reached at time of 
hay harvest, but an adequate level in the plants would be maintained during the 
growing period. 
9 . The 0-3 in . exchangeable K value above which no yield increase would be expected is 
the same for both grasses, 150 Ibs/2 million Ibs of soil. The K luxury consumption 
capacity would not be reached when this soil test value is maintained, but an 
adequate level of K within the plants would be present during the growing period. 
10. The 0.20% P needed for good animal nutrition would not be present in the forage of 
both grasses when the highest yield is produced by efficient levels of P20 S 
applications. Consequently, P mineral supplement should be available for grazing 
animals. 
11 . Efficient rates to supply P and K to these warm season grasses to maintain the 
optimum soil test values are 30 lbs P20~ 50 lbs K20. In this study, they are applied 
annually as forage was removed . Under grazing conditions, P and K would be 
recycled. Monitoring by testing the 0-3 in . depth should be used as a guide for 
applying P and K fertilizers. Sampling in the fall gives the most rc:liable results. 
12 . N applications in this study produce forage which was removed . Under grazing 
conditions recycled N will be available and N fertil izer should be applied, 40-50 Ibs , 
depending on soil moisture conditions. 
13 . The tendency for topdressed P20 S and K20 to accumulate in the upper 1-3 in. , the 
rapid absorption of P and K from these depths under favorable soil conditions, and 
the luxury consumption make topdressing an efficient method of supplying 
nutrients to warm season grasses. 
14. When legumes (red clover, birdsfoot trefoil) are grown with these warm season 
grasses, there is no reason to assume different 0-3 in . soil test levc:ls would need to be 
maintained . However, higher rates of P20 5 and K20 would need to be applied when 
the forage is removed to maintain the 0-3 in. soil test levels. Under grazing 
management, when nutrient recycling occurs, 30 lbs P20 S and 50 Ibs K20 could be 
sufficient to keep adequate levels in the growing plants . Testing the 0-3 in. depth to 
establish topdressing frequency would be needed . 
15 . Results of the studies with cool season grasses by Kroth and Meinke (1981), and of 
these studies with warm season grasses, indicate that for pasture soils in Missouri, 
from which most of the P containing minerals have been weathered, the 0-3 in. PzOs 
soil test values reported here can be used as guides for pasture fertilization. 
Soils from which most of the K bearing minerals have been weathered indicate 
results of this study can be used to apply KzO to pasture soils . For soils which still 
contain weatherable K bearing minerals, the results with cool season grasses 
obtained at the North Missouri Center, Spickard (Kroth and Meinke, 198 1), can be 
used . 
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Procedures 
The experimental soil area was a Gerald silt loam (Umbric Fragiudalf, fine, mixed, 
messic) on the Southwest Missouri Center. This soil was a highly weathered claypan 
developed from residual cherty limestOnes with a mantle of loess . It was naturally 
infertile, acid, with low nutrient supplying potential of the soil minerals. Prior to 1960, 
the area had not received limestOne, P20 5 or K20 applications of any consequence. The 
0-7 in. depth had a pH of 4.S, P20 5 (P2) 24 lbs, and 160 lbs exchangeable K. The 
previous owners had not believed in commercial limestOne or fertilizers. The area had 
received P20 5 and K20 fertilizers prior to this study, (Table 1.) 
Table 1. Initial Soil Test Values Warm Season Grass Study South-
west Center. * 
Depth 
Inches 
0- 7 
8-14 
OM 
% 
2.2 
1.4 
Neutral i zab1 e 
Ac i d ity 
pHs me/100 9 
5.0 
4. 0 
4.5 
11.6 
Ca 
25 30 1900 
7 8 1800 
"pH measured in I: I soil:O.O I M CaCl" suspens ion. 
P I and P2 indicate Bray's weak and strong extractams, respectively. 
Exchangeable K determined by ammonium acetate extraction. 
Mg 
538 
715 
K 
188 
208 
CEC 
me/l 00 9 
11. 7 
19.4 
The experimental site was large enough to plant a block of each grass per replication, 
each block was composed of 48 N P K subplots . Three replications of each block were 
used. LimestOne at 4 ron/acre was worked into the plowed surface during seed bed 
preparation and 100 lbs 0-46-0 were drilled into the prepared seed bed JUSt prior to 
seeding the grasses with a brillion seeder on May 7, 1971. Blackwell switchgrass was 
planted at 12 lbs/acre and Caucasian bluestem at 2 lbs/acre, pure live seed. A good stand 
of switchgrass was obtained suitable for tOpdressing fertilizer treatments in May, 1972. 
Only a partial stand of bluest em was obtained but the plants produced seed. These plants 
were shredded and scattered in January, 1972, with the expectation that the stand would 
thicken during the 1972 season. The thickening occurred and fetilizer treatments began 
in May, 1973. 
Individual treatment plots were 10 by 3S ft with 20 ft alleys ro facilitate treatment 
applications and forage harvesting . Plots were harvested with a modified S ft flail-type 
forage harvester and large burlap bags. Plots were harvested at a height of S in. Grab 
samples of chopped material from each bag were taken for moisture determination and 
grinding for P and K analyses . Treatments consisted of: N-O, 60 , 120 Ib/acre; P20 5-O, 
30, 60, 320 lb/acre (rockphosphate applied first year only); and K20-O, SO, 100, ISO 
Ib/acre. 
By 1976, the switchgrass zero N plots had dropped to 1.2 ton/acre so they were 
removed from the study and Kenstar red clover drilled into them in February, 1976, at a 
rate of 6lbs/acre. Good stands of red clover were obtained and their growth during 1977 
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and 1978 reflected the P and K which had been applied. An attempt was made to harvest 
red clover seed from the second cutting of these plots in 1977, but the idea was abandoned 
because of excessive grass in the second growth . The zero N plots of the bluestem also 
were planted to Kenstar red clover in February, 1977, and removed from the study. 
Final analyses of the results from both grasses were made on the basis of a 2 x 4 x 4 
factorial with three replications as follows : 
N P20 S K20 
1= 601bs/acre 0 1 = 0 
2 = 120lbs/acre 2 .,0 lbs/acre 2 = 50 Ibs/acre 
3 60 lbs/acre ."> = 1001bs/acre 
4 = 320lbsasrockphosphate 4 = 1501bs/acre 
A treatment designation of (2 -1 -2) represents 120 Ibs N, ° Ibs P 20 5 and 50 Ibs K20 /acre 
per yr. 
Fertilizer treatments were applied in mid May. The harvest datts depended on soil 
moisture . Switchgrass reached the early head stage before the bluestem and was harvested 
first. The first cuttings were generally in mid June and second cuttings the first week in 
September. Any growth after the second cuttings was left on the plots. Forage residue 
remaining on all the plots in the spring of 1975 was burned with a flame cultivator as a 
weed control measure on April 17. Two quans/acre of 2 ,4-0 were sprayed on all plots on 
May 19, 1975, with no damage to the switchgrass but the bluestem was retarded 
resulting in lower forage yields the first cutting. No herbicide was used on the 
switchgrass the spring of 1976 because of the red clover seeding; the herbicide for the 
bluestem was reduced to 1 qt 2, 4-0/acre with no injury to the grass. Late April and early 
May frosts reduced first cutting yields of both grasses in 1976. 
Soil samples were taken by one-inch depths to a depth of 6 in. from each plot at the 
end of the study. The samples were taken in April, 1978. Heavy rains in November, 
1977 , prevented sampling at that time . Ten to twelve individual cores were taken from 
each plot and cut into six one-inch segments . Each segment was placed into its 
appropriate sample bag. The 6-7 in . depth was not tested because previous work (Kroth ~t 
at., 1969; Kroth and Martas , 1979) had shown these segments were the same. Soil 
testing procedures outlined by Brown et at. (1977) were used on all soil samples . Soil 
extractants were calibrated to give results in pounds of nutrients/2 million Ibs of soil 
(7-in. furrow slice, one acre in area) . When a sample represents an acre inch instead of an 
acre seven inches, the results should be interpreted as nutrient concentration in pounds/2 
million lbs of soil. Because the sample represents only one inch of the furrow slice, the test 
results need to be divided by seven to get the actual pounds of nutrient in the acre inch of 
soil sampled. 
The forage samples taken for moisture determination to calculate dry matter 
production were saved from both cuttings of both grasses, in 1977, for P and K 
determinations. These values were used to calculate P and K removal by warm season 
grass forages, and to estimate P and K removal during the previous years of the study. 
Financial constraints during the previous years did not permit analysis of forage samples 
for all cuttings. Analysis of selected cuttings of both grasses, in 1976, compared favorably 
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with the 1977 analysis indicating the 1977 data were suitable for estimating total P and 
K removal during the study. 
Rainfall during the study period is given in cable 2. 
Table 2. Precipitation Southwest Center 1972-1978. 
Precipitation 19-year 
In Inches 1972 1973 1974 1975 1976 1977 1978 Average 
January .46 3.85 1. 97 3.32 .50 1. 46 1. 52 1. 55 
February .83 1.06 1. 76 3.66 .91 1. 74 1. 34 1.66 
March 1. 24 9.64 5.55 7.10 3.56 3.49 4 .88 3.64 
April 4.01 6.26 3.02 3.42 5.78 3.78 4.31 4.05 
May 2.16 4.07 5.70 2.58 4.12 3.53 7.11 4.67 
June 1.27 5.23 7.57 5.49 4.62 8.11 5.34 5.13 
July 3.24 1.72 1. 98 .68 5.20 2.84 3.68 2.94 
August 3 . 96 .90 6.77 6.05 3.29 7.12 2.80 3.64 
September 9.07 9.29 4.52 5.29 2.25 9.90 4 . 10 5.15 
October 4.91 4.16 4.53 1. 51 3.60 1. 52 .58 3.22 
November 7.91 7.86 5.07 2.92 .65 2.24 5.88 3.40 
December 2.10 4.34 2.67 2.78 .71 2.41 2.48 2.51 
Total Inches 41.19 58.38 51. 11 44.80 35.09 48.14 44.02 41.56 
Study I 
Topdressing Blackwell Switchgrass with 
Nitrogen, Phosphorus and Potassium 
Results and Discussion 
Forage Yields 
The six-year average forage yields 0972-1977) ranged from 2 .35 to 4.63 ton/acre 
depending on nutrient combinations involved (Table 3). Nutrient requirements of 
switchgrass were less than expected. Although the soil of the experimental site was 
considered low, the zero treatment plots of the original factorial combinations had an 
average yield 0972-1975) of l.67 ton/acre. 
An initial blanket treatment of 100 lbs 0-46-0 was worked into the plowed surface of 
all plots during seed bed preparation. In retrospect, this blanket treatment was not 
necessary and tended to negate the effect of topdressed P20S' Two factorial combinations 
using the two N levels, (1-2-2) (2-2-2), were used to determine standard 0-3 in. P20 S and 
exchangeable K soil test values. The six-year average yields of these combinations 
are: 0-2-2) 3.20 con/acre and (2-2-2) 4 .30 con/acre. 
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233 
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2 4 3 
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2 1 2 
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132 
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1 3 1 
133 
1 1 4 
1 4 2 
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4.63a 
4.39ab 
4.30ab 
4.22ab 
4.13ab 
4.11 ab 
4.06bc 
3.98bc 
3.96bc 
3.96bc 
3.92bcd 
3.55cde 
3.42def 
3.38efg 
3.34efg 
3.32efg 
3.26efg 
3.22efgh 
3.20efgh 
3.07efgh 
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2.81ghi 
2.68 hi 
2.65hi 
2.35i 
Yields, 6 Year Average Total P, K 
Cut 1 Cut 2 Applied lbs/A 
TIA % Total TIA P K 
2.85 
2.65 
2.70 
2.68 
2.60 
2.55 
2.43 
2.37 
2.44 
2.42 
2.36 
2.17 
1. 98 
2.05 
2.24 
2.09 
1. 98 
1.87 
2.13 
2.02 
2.01 
1. 97 
1. 97 
2.03 
1.92 
1.99 
1.84 
1. 92 
1.88 
1. 75 
1.72 
1.49 
62 
60 
63 
64 
63 
62 
60 
60 
62 
61 
60 
61 
58 
51 
67 
63 
61 
58 
67 
66 
66 
64 
64 
67 
65 
68 
63 
67 
67 
65 
65 
63 
1.8,9 
1. 74 
1. 66 
1.68 
1.53 
1 .57 
1. 62 
1.61 
1.56 
1.53 
1.62 
1.38 
1.43 
1.38 
1. 16 
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1 .41 
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Final Soil Test Values 
Tota 1 P, K 0-3 Inches 
Removed lbs/A lbs/2,OOO,OOO lbs Soil 
P K ~ 
lbs % Total lbs % Total PI P2 Ex K 
76 
58 
77 
71 
81 
85 
52 
84 
90 
49 
37 
69 
30 
48 
62 
35 
33 
30 
63 
59 
68 
65 
31 
46 
68 
64 
35 
42 
43 
52 
26 
34 
96 
18 
97 
90 
51 
54 
16 
53 
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15 
87 
15 
78 
80 
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43 
41 
14 
43 
41 
13 
13 
66 
11 
670 
444 
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498 
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318 
406 
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360 
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359 
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463 
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323 
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100 
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59 
139 
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51 
130 
55 
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15 149 159 
32 53 122 
23 64 188 
130 178 197 
120 159 277 
17 201 359 
121 186 132 
97 166 144 
16 182 203 
13 21 376 
28 51 138 
16 26 298 
19 225 100 
35 48 429 
14 20 173 
15 23 345 
16 20 118 
56 84 167 
55 84 297 
107 150 195 
127 156 473 
17 27 185 
17 271 312 
138 191 143 
104 144 305 
14 38 538 
22 210 227 
21 172 483 
51 67 131 
20 22 112 
22 186 137 
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Yield Response to Fertilizer Nutrients 
Nitrogen. Nitrogen was essential for optimum yields of switchgrass on this soil. 
Plots receiving P20 S and K20 copdressed but no N produced a four-year average yield of 
1. 54 conJ acre before being dropped from the study. Both N treatments, (1-1-1) (2-1-1) , 
applied alone produced significantly different six-year average yields of 2.65 conJacre and 
3.22 conJacre, respectively. They used the initial blanket application of 46 lbs P20 S/acre 
and the exchangeable K in the experimental site at the beginning of the study (Table 3). 
Phosphorus. Phosphorus was necessary for the production of optimum yield, but not 
at a higher rate than 30 lbs P20S/acre per yr. It needed co be combined with 120 lbs N ro 
produce a statistically significant yield: (1-2-1) 2.68 conJacre vs (2-2-1) 3.55 ronJacre 
(Table 3). 
Potassium. Potassium also was necessary to produce optimum yields , but not at a 
higher rate than 50 Ibs K20 /acre per yr and combined with 120 Ibs Nand 30 Ibs P20 S ro 
produce a statistically significant yield: (1-1-2) 3.06 ron/acre; (2- 1-2) 3.32 ron/acre vs 
(2-2-2) 4 .30 ronJacre (Table 3) . 
Phosphorus and Potassium Uptake by 
Blackwell Switchgrass 
Nutrient concentration in plant tissue varies with the amount of that nutrient in the 
soil, as well as with the stage of development of the plant. Epstein (1972) identifies 
concepts to interpret tissue analyses as related co yields of crops such as corn and soybeans. 
In this warm season grasses study, as well as the cool season grasses reported by Kroth and 
Meinke (1981), critical concentration refers to the lowest nutrient level that maintains a 
live plant. Adding the deficient nutrient results in marked growth with little increase in 
nutrient level in the plant tissue . When a nutrient is present at a level to produce near 
maximum growth, it is present in a sufficient amount . Absorption of additional 
quantities results in luxury consumption. 
In essence, the objective of feed-the-plant studies is to evaluate the efficient use of 
expensive fertilizers. The most efficient use of fertilizers will maintain plant nutrient 
levels within the deficient zone reported by Epstein (1972) . Kroth and Meinke (1981) 
suggest the adequate level of a nutrient in a range of concentrations between the critical 
level and luxury conditions, and functions as a reserve when uptake of the nutrient slows, 
but the plant continues co grow. They also identify the point at which uptake of a nutrient 
decreases with increased applications and the soil test value of the nutrient rapidly 
increases. This point is called luxury consumption capacity. It is the "quantity of a 
nutrient removed by forage plants on an average annual basis when additional 
topdressings of the nutrient result in greatly reduced rate of uptake and an increase in the 
soil test value of the nutrient in the surface inch of soil." These concepts are used in this 
report. 
The P and K contents of switchgrass forage for both cuttings harvested, in 1977, are 
given in appendix table 2. These data are used to estimate the total quantity of P and K 
removed by forage produced by the different copdressed treatments during the study 
(Table 3). It is assumed the difference between cotal P and K applied and amounts 
removed by forage affects the quantity of available P and K and influences the final soil 
test values (Table 3, Appendix Table 1). Summaries offorage yields, quantities ofP and K 
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removed by forage and concentrations of P and K in the forage for treatments containing 
60 Ibs N are given in table 4; for forage getting treatments containing 120 Ibs N, the 
summaries are in table 5. 
Phosphorus 
The data in table 4 show the zero P series of treatments I-I-X (see note Table 4) 
removed from the soil a total of3llbs P based on the forage P contents of cuttings I and 2 . 
The mean values of these cuttings are O. II % . 
The 1-2-X series show a tendency toward increased yields, nearly twice the amount of 
P removed by the forage of the 1- I-X series and an increased mean forage P content to 
0.19% . In addition, the 0-3 in. depth P20 5 (P2 ) soil test value (Table 6), was increased to 
71 Ibs/2 million Ibs of soil. This indicates more P is applied than the switchgrass can 
absorb, i.e., nearing its luxury consumption capacity for P. The 1-3-X series show no 
tendency for increased yield, only an additional 7 Ibs P removed in the forage, an increase 
to 0 .22% P (table 4) and a 0-., in . PZ0 5 (Pz) soil test value of 160 Ibs/2 million Ibs of soil 
(table 6); strong evidence that the luxury consumption capacity for P is nearly reached by 
the 1-2-X treatment series. The 1-4-X series (rockphosphate) show a tcndency toward 
decreased yield, a toral P removal and P forage COntCnt midway between the l-I-X and 
1-2-X series; 41 Ibs P removed and a P content of O. l5'}f,. 
The effects of increasing the N in treatmenc combinations are shown in table 5. 
Doubling the rate of N to 120 Ibs/acre per yr increases forage yields in combination with 
30 Ibs Pz0 5/acre per yr, removes a greater quantity of P in the forage, noticeably decreases 
the forage P content of the 2-I-X, 2-2-X, and 2-4-X series, and only slightly decreases 
the P content of the 2-3-X series. These increases in forage P removal reduce the PZ0 5 (P2) 
soil test values of the 0-.1 in. depth of the 2-I-X and 2-2-X series in comparison with the 
l-I-X and 1-2-X series (Table 6) . The 0-3 in. PZ0 5 (Pz) soil test values, tor the 1-3-X and 
2-3-X series arc nearly the same; 1-:1-X 160 Ibs, 2- 3-X 170 Ibs/2million Ibs of soil, to 
indicate that 60 Ibs P20 5/acre per yr surpasses the ability of switchgrass co absorb 
additional P over that applied by 30 Ibs P20 5/acre per yr regardless of the N applied. 
Switchgrass absorbs 92% of the P applied with the 2-2-X series, bur only 54% of the 
P applied with 2- 3-X series (Table 3) which allows an increase in 0-3 in. PZ0 5 (P:!) soil test 
value from 57 lbs for the 2-2-X series to 170 lbs for the 2-3-X series (Table 6). The mean P 
content of forage produced by the 2-I-X series, 0.09% is near the criticallevcl and that of 
the forage produced by the 2-3-X series, 21 % is near the luxury consumption percentage 
of Blackwell switchgrass. 
The relationships between pounds of total P applied and total P removed by 
switchgrass at the N levels are given in figure I. This figure shows annual applications of 
60 Ibs N for a six-year period removes 5 I Ibs P or 8.5 Ibs/acre per yr. This indicates that 
8.5 lbs P (19.5 Ibs P20 5) tOpdressed annually would satisfy the luxury consumption 
capacity of switchgrass for 60 Ibs N without appreciably increasing the P205 soil test 
value of the 0-1 in. depth of soil. Because 30 Ibs P20 5iacre per yr are topdressed over the 
six-year period, it is expected that the P20 5 soil test value increases during the period. 
This expectation is verified by table 6: the P20 5 (P2) 0-3 in. depth soil test value for the 
I-1-X series is 28, and for the 1-2-X series, it is 711bs/2 million Ibs of soil, respectively. 
When 120 Ibs Niacre per yr for six years is applied, 69 Ibs P were removed, 11. 5 Ibs 
P K ~ Forage Estimated Mean Forage Est imated Mean 0-
Factor ial Yie l d Total Uptake ~~ *** Factorial Yield Total Uptake 01*** ...... 10 ('I) 
N P K** T/A 1 bs / .'l. Cut 1 Cut 2 N P K** T/A 1 bs/A Cut 1 Cut 2 ~ 
1 1 1 2.65 26 .09 .10 1 1 1 2.65 206 .76 .73 ~I:;O e 1 1 2 3 .06 31 .10 .10 1 2 1 2.68 217 .80 .79 
1 1 3 3. 26 33 .10 .11 1 3 1 2.97 231 .77 .75 ~ 0 'Q ~ VI ~ 1 1 4 2.90 35 .12 .12 1 4 1 2.35 190 .83 .74 • ~ :;0;-
Avg 3T -:TO -:IT Avg 2.66 ill --:;g -:t5 * ;:l ('I) 0.. 0 
1 2 1 2.68 52 . 21 .15 1 1 2 3.06 346 1.23 .90 ~ .... N '"0 1 2 2 3.20 63 .1 9 .20 1 2 2 3.20 359 1.1 6 .97 O ~ 1 2 3 3.07 59 .1 9 .18 1 3 2 3.06 346 1.1 6 1.02 > 5-1 2 4 3.34 62 .18 .18 1 4 2 2.88 323 1. 17 .97 
Avg 59 -:T9 -:T8 Avg 3.05 344 fl8 -:97 :g ~ 
...... 
.... 0-
1 3 1 2 .97 68 .23 .21 1 1 3 3 . 26 360 1.20 1.02 Q '< 
1 3 2 3.06 68 .23 .20 1 2 3 3 .07 416 1.49 1.01 :1. to 
1 3 3 2.93 64 .22 .20 1 3 3 2.93 463 1. 52 1.09 o ...... ;:l ~ 
1 3 4 3.06 65 .22 . 19 1 4 3 3.04 410 1.46 1. 05 n ~:;o;-
Avg 66 -:-IT ~ Avg 3.""08 ill 1. 42 1.04 ~ ~ (ti ~ 
1 4 1 2.35 34 .1 4 .15 1 1 4 2.90 381 1. 41 1.09 V> ...... 
1 4 2 2.88 42 .13 .17 1 2 4 3.34 488 1. 52 1 .19 ~ (/) 
1 4 3 3.04 46 .16 .13 1 3 4 3.06 444 1. 55 1. 19 ::; . ~ ::r ::;. 
1 4 4 2.81 43 .1 5 .15 1 4 4 2.81 409 1. 55 1. 16 o-. n 
Avg 4f T5 T5 Avg 3.02 ill l:5f ~ o ::r 
...... C1Q 
0- " 
V> ~ Zv> 
~ 
* See Table 3 for Duncan's statistical evaluatioll of yields and Tabl~ 2 Appendix for evaluations of mill~ral contents . 0 .... 
U Factorial groups having uniform P20, and variable K20 levels will b~ des i gnat~d (I I X) (12 X) etc.. and groups having uniform C 0 " .... 
K20 with variable P20 , levels will be designated (I Y I) and (I Y 2) etc.. I(lr discussion purposes. .... ...... ;:l (t' 
*** Determined on 1977 yields only. but used to estimate roml P and K removed by t(lrage during the study, means of three C1Q " 
replications. (/)('1) .... ;:l 
>< .... I 
P K Jo-1 
Forage Estimated ~lean*** Forage Estimated Mean*** ~ 
Factorial Yield Total Uptake ;~ Factorial Yield Total Uptake % ib 
N P K** T/A lb s /A Cut Cut 2 N P K** T/A lb s /A Cut Cut 2 Vl 
en'"t:JC 2 1 3 .22 30 .09 .09 2 1 3.22 268 .84 .75 X· N '"0 
2 2 3.32 35 .09 .11 2 2 3.55 235 .70 .57 0 ... 
2 3 3.42 30 .09 .08 2 3 3.98 318 .84 .70 ~ V> ~ 
2 4 3.n J1.. .J.Q ~ 2 4 3 .1'3 224 ~.:2 e; § (b 
Avg 33 . 09 .09 /!,v9 261 .77 .65 Vl 0.. g., 
* ~ '"C 2 2 1 3.55 69 .21 .16 2 1 2 3.32 387 1.15 .97 N 
2 2 2 4.30 77 .18 . 16 2 2 2 4.30 427 1 .02 .86 0 § 
2 2 3 4.22 71 .16.16 2 3 2 3.96 406 1 .09 .85 > 0.. 
2 ? 4 4.51 ?.i ~.J.i 2 4 2 4.39 444 1. 09 ~ '"0 ~ 
Avg 73 .18 .16 Avg 416 1.09 .88 'E.. 0-
r;' '< 
2 3 1 3.98 84 .22 .19 2 1 3 3.42 401 1.22 1.20 ~ tJj 
2 3 2 3.96 90 .24 .19 2 2 3 4.22 525 1.29 1.00 O· iii 
233 4.13 81 .20 .18 233 4.13 498 1.29 1.00 ;:l R-
2 3 4 4.11 85 ..:1l..:..l2. 2 4 3 3. % 469 1 .26 l.:..Q.!. :;d ~ 
l\vg 85 .22 .19 .Ilvg 471 1.27 1.06 ~ (b 
(b :::: 
2 4 1 3.38 48 .15 .12 2 1 4 3.92 533 1 .39 1 .19 : en 
242 4 . 39 58 .14 .11 224 4.53 670 1.61 1.05 <: ~ 
2 4 3 3.96 49 .13 .11 2 3 4 4 . 11 610 1.65 1.13 & ~r 
2 4 4 4.06 52 . 14 .10 2 4 4 4.06 555 1.47 1.16 ::r 
- - - - -- -- ...... (Jq Avg 52 .14 .11 592 1 .53 1 .13 N .., 
o III 
...... Vl 
o-Vl 
"See Table 3 for Duncan's scarisrical evaluarion of yields and Table ~ Appendix for evaluarion of mineral conrenrs. Vl ~ 
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annually, before an increase in the soil test value would have occurred. Because 79 lbs Pare 
actually applied over the six-year period, it is expected the soil test P20 S value would have 
increased slightly. Table 6 shows that the P20 S (P2) soil test value for the 0-3 in. depth 
increased: the values for the 2- 1-X and 2-2-X series are 22 and 57 lbs P20 S P2/2 million 
Ibs of soil, respectively. For the 120 Ibs N results , 26 Ibs P20S/acre per yr copdressed 
supplies the switchgrass with adequate P, its luxury consumption capacity for 120 Ibs N, 
without appreciably increasing the soil test value. 
Table 6 . Effect of Increasing P20 S and K 20 Fertilizer Applications 
on Forage Yields and Final Soil Test Values Under 
Blackwell Switchgrass after 6 years . 
0- 3 Inch Deeth 
Factori al Yie1 d** Factorial Yie1d** 
Series 6 Yr Av g PzO, * Series 6 Yr Avg 
N P K T/A PI ~z N P K T/ A Ex K* 
1 X 2.97cd 17 28 Y 1 2 .66d 131 
2 X 3.07c 49 71 Y 2 3.05c 194 
3 X 3. 01cd 119 160 Y 3 3.07c 315 
4 X 2.77d 21 210 Y 4 3. 03c 481 
2 1 X 3.47b 15 22 2 Y 1 3.53b 122 
2 2 X 4 . 17a 28 57 2 Y 2 3 .99a 150 
2 3 X 4.05a 125 170 2 Y 3 3 .93a 222 
2 4 X 3 .95a 17 189 2 Y 4 4.18a 323 
8-11 Inch Deeth 
Factorial Factorial 
Seri es PzOs* Seri es 
N P K PI Pz N P K Ex K* 
1 X 8 11 Y 1 186 
2 X 10 12 Y 2 188 
3 X 10 11 Y 3 178 
4 X 8 10 Y 4 211 
2 1 X 6 8 2 Y 1 191 
2 2 X 6 10 2 Y 2 187 
2 3 X 10 11 2 Y 3 199 
2 4 X 12 12 2 Y 4 174 
" Compiled from Table 3 and Table 5 Appendix. Each value a mean of four P20, or K20 
application rates . 
.... Effects of NP and NK interaCtions . Means followed by same letter are not sig nificant . 05 level 
Duncan's New Multiple Range Test . 
Potassiu m 
Potassium tends co increase yields as shown by the l-Y-2 series in comparison with 
l -Y- l series (Table 4). The mean K coneent of O. 77 % for the forage of the l -Y-l series 
probably is near the critical level for Blackwell switchgrass. The K content of the 2-Y-l 
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series, (Table 5), is 0 .71%. The l-Y-3 series increases the K content ofclle forage and 
consequent K removal. Only a slight increase in K content and forage removal of K results 
from the 1-Y-4 series, indicating the 100 lbs K20 of the 1-Y-3 series approaches the K 
luxury consumption capacity of switchgrass. The final exchangeable K soil test values for 
the 0-3 in . depth are 3 15 and 481 Ibs/2 million lbs of soil for the 1-Y-3 and 1-Y-4 series, 
respectively (table 6). 
Raising the N rate to 120 lbs/acre increases the yields of all the treatment series over 
the 60 lbs/acre series and slightly reduces the forage K content of the 2-Y-2 and 2-Y-3 
series over the l-Y-2 and l-Y-3 series (Tables 4, 5). The K contents of cutting 1 of the 
2-Y-4 series are not different from that of the l-Y-4 series (Table 4) , indicating that 
1. 53% K could be nearing the luxury consumption percentage for switchgrass . The K 
content of the first cutting of treatment (2-3-4) is 1.65% . The forage K contents of the 
2-Y-2 and 2-Y-3 series, 1.09% and 1. 27 %, reflects two levels within the adequate range 
of K within the switchgrass plant when it is said to be growing normally. 
The 0-3 in . exchangeable K soil test values for the treatment series containing 120 lbs 
N are lower than the 60 lbs N series (Table 6) . This reflects the increased forage yields and 
indicates that any K20 above 50 lbs/acre per yr could be unnecessary as the 0-3 in . 
exchangeable K soil test value increases from 150 lbs to 222 lbs to 32.3 lbs of soil for the 
2-Y-2, 2-Y-3 and 2-Y-4 series, respectively. Figure 2 show that 400 lbs K (67 Ibs 
annually) would be the luxury consumption capacity of switchgrass with 60 lbs Nand 
528 lbs K (88 Ibs annually) the luxury consumption capacity with 120 lbs N . These 
annual K rates are equivalent to 80 and 106 lbs K20 /acre, respectively. 
Final Soil Test Values 
Kroth et al. (1969) show that topdressed P and K are used effectively by forage plants 
to produce optimum yields. The unabsorbed portion of the topdressed P and K 
accumulate in the soil, P mostly in the surface inch and K in the surface 2-inches, but 
move into the third-inch when applied in considerable excess. Kroth and Manas (1976) 
report high concentrations ofP and K in the upper 1-3 in . of beef-cow pasture soils when 
annual applications are made for as long as 10 years . 
Soil tests were made on samples by I-in. depths to a depth of 6 inches and ftom the 
8-14 in . depth from all plots at the termination of this study. Results of P20 5 and 
exchangeable K tests for the six one-in. increments and the 8-14 in . depth are given in 
appendix tables 1 and 5. Statistical evaluations of the 0-3 in. soil test values are given in 
appendix table 6. 
The initial soil test values, 0-7 in. and 8-14 in. depths, are means of tests of 32 soil 
samples, each a composite of 8-10 cores taken after the seed bed had been prepared but 
before any treatments had been applied. Because of the thorough sampling, it is assumed 
that the values for the plow depth are uniform throughout its seven inches . The arrays of 
soil test values by one-inch depths given in appendix table 1 show the effect of topdressed 
P20 5 and K 20 fertilizers and extraction ofP20 5 and exchangeable K by plant rootS during 
the period of the study. These arrays are explained by the roots of plants differentially 
extracting nutrients due to longer periods of favorable soil moisture conditions for 
nutrient uptake with depth in the plow layer; i.e., the 0-1 in . layer drying out faster than 
the 1-2 in. layer, etc. Topdressed P and K would tend to accumulate at the soil surface due 
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ro faster drying of the soil surface after field capacity occurs. Consequently, the levels of 
nutrients below the surface 2-3 in. are reduced below their initial value bur, plant growth 
is maintained by absorption of nutrients from the surface inches after even small rains . 
Phosphorus 
Applying 30 lbs P20S, 1-2-X, in addition to the initial blanket application of 46lbs 
P20S tended to increase yields with 60 lbs N although its greatest effect is to increase the 
P content of the forage (Table 4). Table 4 shows an additional 28 lbs P are removed by the 
forage receiving 30 lbs P20S, 1-2-X, over the forage produced when no P20 S , I-I-X, is 
applied. The remaining P20 S causes the increase in P20 S soil test values given in table 6 . 
To determine the 0-3 in. P20 S soil test values ro produce the optimum forage yield with 
60 lbs N, the data in table 7 are used, omitting the values when no K 20 is applied. The 
yields of treatment (1-2-2) are used as 100% when evaluating forage yields as percents of 
optimum yield . These relationships are given in figures 3 and 4. Annual yield variations 
can be taken into account by using 95 % of optimum yield as the value to estimate the 0-3 
in. P20 S soil test value needed ro produce forage using 60 lbs N. Figures 3 and 4 show 
these values to be 25 and 39 lbs P20 s/2 million lbs of soil for the P I and P2 extractants, 
respectively. 
When 120 lbs N are tOpdressed yields are increased, greater amounts ofP are removed 
(Table 5), and the 0-3 in. P20 S soil test values are lower than when 60 lbs N are applied 
(Table 8). The yields of treatment 2-2-2 are used as 100% when evaluating forage yields as 
percent of optimum yield. Figures 6 and 7 indicate how the 0-3 in . P20 S soil test values 
are related ro 95 % of optimum yield when 120 lbs N are tOpdressed. These values are 29 
and 46 lbs P20 s/2 million lbs of soil for the PI and P2 extractants, respectively. 
Potassium-60 lbs N 
The data in table 3 show a mean of 211lbs K are removed over the six-year period for 
the treatments of the 1-Y-l series. This results in a 0-3 in. exchangeable K soil test value 
of 131 Ibs/2 million lbs of soil (Table 6) . The initial exchangeable K soil test value is 188 
Ibs/2 million lbs of soil (Table 1). A reduction of 57 lbs exchangeable Kl2 million lbs of 
soil for the 0-3 in. occurs during the study period with the 1-Y-l series . The assumption 
is made that when sampled, the prepared seed bed had a uniform soil test value for the 
seven inches of the plow layer. When 50 lbs K20 are tOpdressed annually, the mean forage 
yield for the l-Y-2 series increases 0.39 tOn/acre, forage K content increases, a mean of 
344lbs K are removed by the forage (Table 4) with a resulting 0-3 in. exchangeable K soil 
test value of 1941bs12 million lbs of soil (Table 6). The l-Y-2 series has ropdressed 249lbs 
K which, with the 211lbs K in the soil for possible uptake indicated by the 1-Y-l series, 
gives a rotal of 460 lbs K available for plant absorption . A total of 344 lbs K are absorbed 
which leave 116lbs K to increase the 0-3 in . exchangeable soil test value over the 1-Y-l 
series. Assuming the 57 lbs exchangeable K lost by the 1-Y- 1 series is made up by the 
1-Y-2 series, this leaves 59 lbs fertilizer K to increase the 0-3 in. exchangeable K soil test 
value . Because the initial exchangeable K soil test value is 188lbs/2 million lbs, this 59 
lbs excess fertilizer K raises the 0-3 in. exchangeable K by 6lbs soil test value ro 1941bs/2 
million lbs of soil (Table 6). By definition, the switchgrass reaches its luxury consumption 
capacity with this treatment . Results of the application of 100 lbs K 20, l-Y-3 series, 
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Figure 2. Relationships between lbs total K applied and total K 
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Factorial 
N P K 
1 
2 
3 
4 
2 1 
2 2 
2 3 
2 4 
3 1 
3 2 
3 3 
3 4 
1975 
% 
1 2 2 
TIA Factorial 
2.96 
3.49 
3.71 
3.42 
3.24 
3.68 
3.66 
3.92 
3.39 
3.48 
3.38 
3.56 
80 
95 
101 
93 
88 
100 
99 
107 
92 
95 
92 
97 
1976 
% 
1 2 2 
TIA Factorial 
2.58 
3.01 
3.07 
2.77 
2.25 
3.16 
2.92 
3.09 
2.87 
3.09 
2.89 
3.14 
71 
95 
97 
88 
71 
100 
92 
98 
91 
98 
91 
99 
,. PI P2 indicare Bray's weak and strong extractanrs, respectively, 
1977 
% 
1 2 2 
T/A Factorial 
2.79 
3.42 
3.16 
3.21 
3.01 
3.81 
3.65 
3.92 
3.41 
3.56 
3.57 
3.76 
73 
90 
82 
84 
79 
100 
96 
103 
90 
93 
94 
99 
Soil Test Values 1978 
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% 
22 2 
T/A Factorial 
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4.87 
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95 
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% 
2 2 2 
T/A Factorial 
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4.28 
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55 
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84 
83 
95 
96 
"P 1 P2 indica[t~ Bray's weak and strong extractams , respectivel),. 
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% 
2 2 2 
T/A Factorial 
3.52 
4 .09 
4.10 
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are: yield does not increase; forage K content increases considerably as does cotal K 
removal ; and a mean of 412 lbs K (Table 4). Because 498 lbs K are applied (Table 3), 
combined with 211lbs K in the soil for possible uptake , a cotal 0009 lbs K are available 
for absorption. A total of 412 lbs K are absorbed which leaves 297 lbs K co increase the 
soil test value. Making the same assumption that the l-Y-3 series made up the 57 lbs 
exchangeable K lost by the l-Y-l series , this leaves 240 lbs fertilizer K co increase the 0-3 
inch exchangeable K soil test value above the original 188 Ibs/2 million lbs of soil. The 
0-3 in. exchangeable K soil test value for the 1-Y-3 series is 3 15 lbs , an increase of 127 lbs 
in soil test value produced by 240 lbs excess fertilizer K. Application of 150 lbs K20 , 
1-Y-4 series, also does not increase yields. It increases forage K content and coral K 
removal slightly over the 100 lbs K20 rate (Table 4) and increases the 0-3 in . 
exchangeable K co 4811bs/ 2 million lbs soil (Table 6) . Calculations for this series, similar 
co the other three above, show that 47 I lbs fertilizer K are available co increase the 0-3 in . 
exchangeable K soil test value to the 481 Ibs/2 million lbs of soil. The 481 lbs are an 
increase of 293 lbs over the original 188 lbs . This indicated much of the applied fertilizer 
K, 471 lbs (Table 3) does not stay in the upper 0-3 in. but must have moved co lower 
depths of the plow layer. 
Observation of the 3-4 in. depths for the l-Y-l, l-Y-2 , l-Y-3 and l-Y-4 series 
(Appendix Table 1) gives the 3-4 in. depths the following mean exchangeable K soil tests 
values respectively: 96 lbs, 109lbs, 168 lbs and 273 Ibs/2 million lbs of soil, indicating 
that for the l-Y-4 series unabsorbed fertilizer K moves below the 0-3 in . depth. Previous 
discussion of K uptake by switchgrass shows the 1-Y-2 series had nearly supplied its K 
luxury consumption capacity, and additional K20 would be used co increase soil test 
values. These increases of the 3-4 in . depths indicate that the 109 lbs exchangeable K of 
the 3-4 in. depth of the 1-Y-2 series is the value coinciding with the absorptive capacity of 
Blackwell switchgrass . The 1-Y-3 and 1-Y-4 series supplies K in excess of possible plant 
absorption so that K moves below the 0-3 in. depth chosen as the standard depth for soil 
test-yield relationships . The data in table 7 are used co evaluate these relationships 
shown in figure 5. The yields of treatment 0-2-2) are used as 100% optimum yield . 
According to figure 5, the 0-3 in . exchangeable K soil test value needed co produce 95% 
optimum yield would be 234 Ibs/2 million lbs of soil. Actually, the initial exchangeable 
K soil test value of 188 Ibs/2 million lbs of soil is in excess of switchgrass needs and the 
data of table 7 gives a higher soil test value than actually needed . Treatment ( 1-2-2) (Table 
3) really produces the optimum yield , 3.20 ton/acre, with an exchangeable K 0-3 in. soil 
test value of 167 Ibs/2 million lbs of soil. This value is a more valid one than the 234 lbs 
estimated by the quadratic relationship (Fig . 5). 
Potassium-120 lbs N 
The effects of applying 120 lbs inscead of 60 lbs N are evident by comparing daca in 
tables 4 and 5. Forage K contents in these cwo cables are nearly che same, buc 120 lbs N 
increases forage yields and amounts ofP and K removed in the forage . Table 6 shows chis 
increased P and K removed by 120 lbs N resulcs in lower 0-3 in. P20 5 and exchangeable K 
soil cest values. 
The 2-Y-l series removes a mean of261lbs K in che forage , which results in a 0-3 in. 
exchangeable K value of 122 Ibs/2 million lbs of soil, a reduction of 66 lbs of soil tesc K 
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from the initial 188 lbs (Table 1). The 2-Y-2 series applies 249 lbs K as fertilizer, which 
combines with the 261 lbs K removed by the 2-Y-l series gives a possible 510 Ibs K for 
absorption by switchgrass . A total of 4161bs K are removed by forage leaving 941bs K for 
affecting the soil test value. The 0-3 in . exchangeable K soil test value for the 2-Y-2 series 
is 150 lbs (Table 6) , an increase of 38 lbs over the 2-Y-1 series and a decrease of 38 Ibs 
below the initial value of 188 Ibs . This is in contrast to the 1-Y-2 series which increases 
the soil test value to 194 Ibs and supplies the luxury consumption capacity for 60 lbs N. 
The 2-Y-3 series applies 498 lbs K fertilizer, which combines with the 261 Ibs K 
available from the soil , as indicated by the 2-Y-l series , provided a possible 759 Ibs K for 
plant absorption . The forage removed 473 lbs K (Table 5) leaving 286 lbs K for 
influencing the soil test value . The 0-3 in. exchangeable K is 222 Ibs (Table 6), an 
increase of 100 Ibs over the 2-Y-l series and a gain of 34 Ibs over the initial value of 188 
Ibs . The forage of this series removes 95 % of the applied K, indicating that the 2-Y-3 
series would fill the luxury consumption capacity of switchgrass with 120 lbs N with 
some additional K for influencing the soil test value. Figure 2 indicates approximately 
533lbs total K , 88lbs (1061bs K20) annually, would be the quantity of K to supply this 
absorptive capacity close co the value determined by these calculations . 
The 2-Y-4 series applies 747 lbs K in fertilizer which combined with the 2611bs K 
available from the soil give a possible 1008 Ibs K for plant absorption . Table 5 shows 529 
lbs K are removed leaving 416 lbs K to influence soil test values . The 0-3 in. soil test 
value for the 2-Y-4 series (Table 6) is 323 lbs, a gain of 20 1lbs over the 2-Y-1 series and a 
gain of 135 lbs over the initial 188 lbs K. The 2-Y-4 series removes 79% of the applied 
fertilizer K, the remaining 155 Ibs is available for increasing the soil test exchangeable K 
on the initial value . Observation of the mean exchangeable K soil test values of the 2-Y-4 
series (Appendix Table 1) show these values are increased over the initial value of 1881bs. 
The mean exchangeable K soil test values for the 3-4 in . depth for the 2-Y-1, 2-Y-2, 
2-Y-3 and 2-Y-4 series are 89, 93, 108 and 149 Ibs/2 million lbs of soil, respectively, 
calculated from appendix table 1. These data show higher values for the 2-Y-3 and 2-Y-4 
series than the 2-Y-2 series, the value that existed at the 3-4 in. depth when the optimum 
yield, 4.30 toni acre, is produced. 
Figure 8 gives the relationships between forage yields and the 0-3 in . exchangeable K 
soil test values in the presence of adequate P. These relationships are determined from data 
given in table 8, eliminating the data for the zero P20S treatments, and the yields of the 
(2-2-2) treatment used as 100% optimum yield. The 0-3 in . exchangeable K soil test 
value associated with 95 % optimum yield is 210 Ibs/2 million lbs of soil. Again , other 
data of the study indicate the quadratic equation does not estimate the real 0-3 in . depth 
exchangeable K soil test value associated with optimum forage yield . 
The (2-2-2) treatment produces a yield of 4.30 conlacre statistically one of the highest 
yields (Table 3) with a 0-3 in. exchangeable K soil test value of 1221bs, and the mean 0-3 
in . exchangeable K for the 2-Y-2 series is 150 lbs (Table 6). As indicated by the 0-3 in. 
soil test data for 60 lbs N, 150 lbs exchangeable K soil test value would be the one above 
which no increase in yield would be expected. 
The luxury consumption capacity of switchgrass with 120 lbs N is estimated co be 
more than satisfied by K20 applications of the 2-Y-3 series. This series gives a mean 
exchangeable K soil test value of222lbs (Table 6). The 2-Y-3 series did not increase mean 
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yields above che 2-Y-2 series, consequendy chere would be no advantage of topdressing 
more chan 50 lbs of K20/acre per yr when the forage is removed as hay. This suggescs the 
economical 0-3 in . exchangeable K soil test level co maintain would be in the range of 
150-160 lbs/2 million lbs of soil, i .e., the same as for yields produced by 60 lbs N. 
STUDY II 
Topdressing Caucasian Bluestem with Nitrogen, 
Phosphorus and Potassium 
Introduction 
Preliminary plot studies at the Southwest Missouri Center by Matches (968) show 
Blackwell switchgrass and Caucasian bluestem are potential species for summer forage 
production in south Missouri. However, they have different growth habits and slightly 
different yield potentials . Consequently, both grasses are included in the fertility studies 
at the Southwest Center, 1971-1977, with identical objectives, fertilizer treatments, 
and harvesting methods as described in the Introduction and Procedures of this report. 
Five years data were coIIeered for Caucasian bluestem in contrast to six years for BlackweII 
switchgrass because it took tWO seasons to get the bluestem stand whereas the switchgrass 
stand was established the first season . 
Results and Discussion 
Summaries of total forage yields and yields by cuttings , rotal amounts of P and K 
applied, rotal P and K removed in forage, final 0-3 in . depth P20 S and exchangeable K 
soil test values, Ibs/2 million lbs of soil are given in table 9. 
Forage Yields 
Caucasian bluestem produced an average of 0 .5 ronl acre more than BlackweII 
switchgrass (Table 9). Fifty-five percent of the annual yield of bluestem was produced by 
cutting 1 (mid] une) in contrast to the switchgrass that produced 63 % of its annual yield 
by this date . From the standpoint offorage distribution for summer grazing, Caucasian 
bluestem would be the better grass. Bluestem average annual yields ranged from 2.91 to 
5.09 ron/acre. Yields for the final year, 1977, when rainfall distribution was nearly ideal, 
ranged from 3.69 to 6 .58 ton/acre (Tables 13 and 14). 
Yield Response to Fertilizer Nutrients 
Caucasian bluestem, observed with Blackwell switchgrass, produced well at low soil 
fertility levels. Bluestem produced an average of 1.67 ton/acre; switchgrass produced an 
average of 1.36 ton/acre under the soil fertility levels given in table 1. When P and K were 
ropdressed in combinations (no OP or OK) without N, bluestem produced an average of 
2.72 ton/acre and switchgrass 2.63 ton/acre . No crude protein analyses were determined 
Final Soil Test Value s ~ Total P, K 0-3 Inches 
Yields, 5 Year Average Total P, K Removed 1 bs/A lbs/ 2,OO,OOO 1bs Soil 0-..-
Factorial Total Cut 1 Cut 2 A~~lied lbs/A P K P20S It> 
N P K T/A* T/A ~I, Tota 1 TTA P K 1 bs % Total 1 bs % Total PI P2 Ex K \.0 
2 4 2 5.09a 2.72 53 2.37 320 208 65 20 488 235 30 281 153 :;Ot:C It> ..-
2 3 4 5.07a 2.63 52 2.42 132 623 71 54 624 100 147 165 302 3 ~ 2 3 3 5.00ab 2.91 58 2.09 132 415 77 58 572 138 107 132 165 o '" 2 2 4 4.99ab 2.65 53 2.33 66 623 64 97 585 94 50 75 332 <: ... It> It> 
2 2 3 4.83abc 2.53 52 2.30 66 415 60 91 536 129 55 69 192 0..3 
2 2 2 4.78abc 2.49 52 2. 29 66 208 61 92 443 213 43 58 135 s;.l ~ 2 3 2 4.68abcd 2.34 50 2.34 132 208 68 52 426 205 128 146 127 ::J ..... 
2 3 1 4.59abcde 2.31 50 2.28 132 0 65 49 334 -- 146 197 103 0.. It> ..-
2 4 3 4.41abcdef 2.36 54 2.10 320 415 52 16 490 118 35 317 242 (Jlo.. It> !!' 2 1 2 4. 34a bcdefg 2.19 50 2.08 0 208 40 -- 425 204 18 25 163 ..-
2 4 1 4 .32abcdefg 2.12 49 2.20 320 0 52 16 308 -- 47 353 114 a 2 
2 1 3 4.19abcdefgh 1.95 47 2.25 0 415 34 -- 455 110 14 29 303 It> ... 
2 1 4 4.18abcdefgh 2.12 51 2.06 0 623 37 -- 513 82 10 28 448 o..~ 
2 2 1 4.08bcdefgh 1. 97 48 2.11 66 0 55 83 272 -- 52 83 108 ~"t:' 
2 4 4 4.01cdefghi 2.03 51 2.06 320 623 47 15 527 85 29 281 409 ::::~ 1 3 4 3.95cdefghij 2.41 61 1.54 132 623 57 43 497 80 137 186 427 ~o.. 2 1 1 3. 77defghi jk 1.83 49 1. 94 0 0 29 -- 276 -- 18 31 108 
1 2 2 3.76efghijk 2.21 59 1. 55 66 208 51 77 384 185 55 84 171 ~ ~ 
1 2 4 3.67efghijk 2.25 61 1.42 66 623 52 79 465 75 40 62 542 <> 1 3 2 3.65fghijk 2.21 61 1.44 132 208 57 43 332 160 110 145 136 s;.l"O 
1 4 4 3.62fghijk 2.20 61 1.44 320 623 44 14 467 75 25 291 417 C"E. 
1 4 3 3.59fghijk 2.11 59 1.47 320 415 43 13 417 100 26 352 293 It> ..... 
'" 
It> 
1 1 4 3.56fghijk 2.08 58 1.49 0 623 30 -- 563 90 17 28 503 s;.l 0.. 
1 2 3 3.54fghijk 2.05 58 1.42 66 415 44 67 404 97 62 101 321 "!'l~ ~ 2 , 1 1 3 3.41ghijk 1. 95 57 1.46 0 415 30 -- 536 129 24 29 303 
1 3 3 3.30hijk 1.87 57 1. 37 132 415 48 36 383 92 124 170 337 '"rj~ 
1 4 2 3.30hijk 2.03 62 1.27 320 208 39 12 355 171 24 419 187 ..... ..-<: 
1 3 1 3. 29hijk 1.84 56 1. 45 132 0 52 39 223 -- 135 178 116 It> 
'" 1 1 1 3.12ijk 1. 74 56 1 .39 0 0 27 -- 252 -- 21 37 127 ~~ 1 1 2 3.05jk 1.72 56 1. 39 0 208 30 -- 336 162 20 27 195 s;.l 0.. 
1 2 1 2.93k 1.66 57 1. 34 66 0 43 65 221 -- 50 82 122 '"I 
'" ~ 1 4 1 2.91 k 1. 65 57 1. 26 320 0 36 11 216 -- 37 323 122 
'--
,. Values followed by the same letter are not statistically different Duncan's New Multiple Range Test. 
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in the study, but this warm season forage would be expected to have low crude protein 
values because these yields were produced wichout fertilizer N . 
Nitrogen. Applying 60 Ibs N to bluestem wichout P or K 0-1-1) increased che yield 
from plots geccing no treatment (l. 67 ton/acre) to .~ . 12 ton/acre (Table 9). Applying 120 
Ibs N wichout PorK (2-1-1) increased che yield to 3.77 ton/acre but noc staciscically 
different from che (1-1-1) creaced plocs (Table 9) . Applying P and/or K to 60 lbs N did noc 
increase yields, bur topdressing chern wich 120 lbs N (2-2-2) gave a staciscically 
significant increase over che (1-2-2) creatment (Table 9). 
Phosphorus. The blankec applicacion of 100 Ibs of 0 + 46 + 0 ac scand 
establishment in combinacion wich the P20 S in che soil ac thac cime (Table 1) supplied all 
the P necessary during the study for 60 lbs N alchough addicional topdressed P20 S 
increased yields. Applicacion of P wich 60 lbs N (1-2-1) did noc increase yields over che 
(1-1-1) treatment, 2 .93 and 3.11 ton/acre, respeccively (Table 9) . Applying P wich 120 
lbs ofN increased yields buc noc significantly (2-1-1) vs (2-2-1), 3.77 and 4.08 con/acre, 
respectively. 
Raising the rate of PzOs applicacion increased yields , but noc significantly. 
Apparencly, the higher race of P20 S placed exchangeable K under pressure; the yields 
were 4.59 ron/acre for the (2-3-1) treatment vs 4.08 ton/acre for che (2-2-1) treacment 
(Table 9) . 
It is interescing chat adding K20 to the creacments increased yields but noc 
significancly. In eicher case, (2-3-2) vs (2-2-2) would be 4 .68 ton/acre and 4.78 con/acre, 
respeccively. Due to the large difference in yield necessary to have statistical significance 
in chis srudy, additional copdressed PzOs appears to be pracrical. Yields produced by 30 
lbs P20 S can be used as scandards of comparison of 0-3 in . P20 S soil cest values . 
Potassium. Application of K also tended to increase forage yields but noc 
staciscically during the srudy. However, the highest yields were produced wich 
combinations of ropdressed P20 S and KzO in combinacion with 120 lbs N, see creacments 
(2-2-2), (2-3-4), tables 9 and 14. For 60 Ibs N, the yield range for topdressed KzO was 
from 3. 12 ton/acre (1-1-1) to 3.56 ton/acre 0-1-4). 
When combined with topdressed PzOs, the range was 2.93 con/acre 0-2-1) to 3.67 
ton/acre (1-2-4). None of these yields were statistically different (Table 9). However, 
treatment 0-3-4) was significancly different from treatment (1-2-1), 3.95 ton/acre vs 
2.93 ron/acre (Table 9). This same relationship appears to hold the last year, 1977, of the 
study (Table 13). The large yield differences needed for statistical significance due to 
topdressed KzO also indicates topdressed KzO could be a treatment. 
Phosphorus and Potassium Uptake by Caucasian Bluestem. The discussion of 
critical concentration, adequate level, luxury consumption, luxury consumption 
percentage and luxury consumption capacicy's relacions to Blackwell swicchgrass also 
applies Caucasian bluestem (discussion Study I). The P and K contents of Caucasian 
bluestem forage for the lasc year of the study are given in appendix table 4. 
Estimates of the quantities removed by the bluestem over the five years of the study 
were calculated using these data. The estimated quantities removed by each treatment are 
given in table 9 . It was assumed that the differences between cotal fertilizer P and K 
applied and amounts removed by forage affected the quantity of available nutrients and 
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Figure 9. Relationship between lbs total P applied and lbs total P 
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Figure 10. Relationships between lbs total K applied and total K 
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influenced the final soil test values (Table 9, Appendix Tables 3 and 6) . Summaries of 
forage yields, forage concentrations ofP and K and estimated tOtal uptake with 60 lbs N 
are in table 10. Summaries with 120 lbs ofN are in table I!. Summary for each N level is 
in table 12 . 
Phosphorus. The data in table 10 indicated the critical level of Caucasian bluestem 
was O. 11 % , series I-I-X, the mean P percent of both cuttings. The same value, O. II %, 
was suggested by series 2-I-X (Table II). 
The P20S soil test values of the 0-3 in. depth of bach series were also abouc the same; 
l-1-X-21 and 30 lbs; 2-I-X-15 and 28 lbs for PI and P2 extractants, respectively, 
(Table 12). The estimated P uptake by the l-I-X series was 29 lbs over che five-year 
period, for the 2-1-X series, the quantity removed was 35 lbs (Tables 10, 11) . The 1-2-X 
series did not increase yields , but 19 more lbs P were removed by the forage, and the P20~ 
0-3 in. soil test values were 52 lbs PI and 82 lbs P2 (Table 12). The mean P percent of the 
twO cuttings was 0 . 16%. The 1-3-X series also did not increase yields, but removed an 
additional 6 lbs P in the forage . This reflected the 0.21 % increase of the P content of 
cutting I with a mean of 0 . 17% for both cuttings (Table 10) . The implicacions of these 
data were that che 1-3-X series had reached the luxury consumption percentage of 
Caucasian bluestem for 60 lbs N as the P10 5 0-3 in. soil test values had increased to 127 
and 170 lbs for the PI and P1 excraccants , respectively (Table 12). These P20 S soil tesc 
values reflected a mean of 72% of the tOtal P applied to the 1-2-X series was removed by 
the forage while a mean of 40% was removed in the 1-3-X series (calculated ftOm Table 9.) 
Figure 3 suggests that for 60 lbs N, 9 lbs P (20 lbs P20 S) would annually supply the P 
luxury consumption capacity of Caucasian bluestem without appreciably increasing the 
0-3 in. P20 S soil test values. Consequently, the 30 lbs P20 S , 1-2-X series, topdressed 
annually was in excess of bluest em needs when 60 lbs N were tOpdressed . Rockphosphate 
in the 1-4-X series performed similarily to the 30 lbs P20 5 tOpdressed annually. It 
removed 41lbs P in contrast to 48lbs by the l-2-X series, and had a mean 0.14% forage P 
content while the 1-2-X series had a forage mean of O. 16%. 
Thirty lbs P20~ tOpdressed annually in combination with 50 lbs K 20 and 120 lbs N 
(2-2-2) produced one of the statistically highest yields of the study, 4.78 tOni acre (Table 
9). Table 11 shows series 2-2-X, which includes this treatment, removed 60 lbs P in the 
forage. The forage had a mean of O. 16% P similar to chat of the 1-2-X series (Table 10). 
The P removed was 25 lbs greater due to the 0.05 % higher forage P content than che 
2-I-X series . Also, the 2-2-X series had slightly lower Pl0 S soil test values than the 
1-2-X series (Table 12). Sixty lbs P10 S tOpdressed annually did not increase forage yields 
but increased the mean P content of cutting I from O. 18% of series 2-2-X to 0.20% of 
series 2-3-X, (Table 11). This increase in P content removed an additional 10 lbs P in the 
forage over the five-year period. The mean forage P contents, of both cuttings for series 
2-3-X, 0.17%, were as close to the luxury consumption percentage for Caucasian 
bluest em as the P I and P2, P20 S soil test values for the 2-3-X series (Table 12) are 132 and 
160 Ibs/2 millions lbs of soil, respectively. This was a large increase over the 50 and 71lbs 
for the same exrractants for the 2-2-X series. Both the 1-3-X and 2-3-X series indicated 
that the mean luxury consumption percentage was 0.17 % with the 0-3 in . depth P20~ 
soil test values nearly the same; 127 and 170 vs 132 and 160 Ibs/2 million lbs for P I and 
P2 exrractants, respectively. 
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Figure 4 shows for 120 lbs N, the luxury consumption capacity of Caucasian bluestem 
would have been reached with annual applications of 11.7 Ibs P/acee (27 lbs P20 5) 
copdressed. The 60 lbs P20 5 of the 2-3-X series was in excess of the bluestem's ability co 
absorb P, and increased the 0-3 in . depth P20 5 soil test values. 
Adding K20 co the copdressed treatmenes tended co increase forage yields (not 
statistically) while increasing the K content of the forage, the quantity of K removed in 
the forage, and the 0- 3 in. exchangeable K soil test level over the 2-Y-l series . These soil 
test levels were lower than the series with 60 Ibs N (Table 12) due co greater forage 
production. As indicated above, the K luxury consumption percentage was close co 
1. 75 % for bluestem with the 1. 32% and 1. 57% levels within the adequate range of K 
concentrations. 
Potassium-60 lbs N. Although K20 did not increase yields when combined with 
P20S and 60 Ibs N (Table 9), adding K20 increased K coneent of bluestem forage, the 
amount ofK removed in this forage, and the exchangeable K soil test values of the 0-3 in . 
depth (Tables 10, 12). Indications were that 0.86% K, mean of cuttings 1 and 2 series 
1-Y-l (Table 10) were near the critical level for K in Caucasian bluestem. The mean for the 
2-Y-l series (Table 11) was 0 .84%. 
Topdressing 50 Ibs K20 , series I-Y-2, removed 1241bs additional K in the forage by 
increasing the mean K content of cuttings 1 and 2 co 1.16%. It increased the 0-3 in. 
exchangeable K from 122 to 172 Ibs/2 million lbs soil (Table 12). Topdressing 100lbs 
K20, series l-Y-3, (Table 10) increased the mean K contene to 1.31 %, removed an 
additional 83 Ibs K in the forage, and increased the exchangeable K soil test value of the 
0-3 in. depth to 314 Ibs (Table 12) . The luxury consumption percentage appeared to be 
higher for bluestem than for switchgrass for ISO Ibs K20, 1-Y-4 series, and coneinued to 
increase the forage K contene, principally that of cutting I , from 1. 62% for the 1-Y-.) 
series to 1.76% for the 1-Y-4 series (Table 10). Apparently, 1.76% was close to the true 
luxury consumption percentage for bluestem because the K contene of cutting 1 of the 
2-Y-4 series was 1.75 % (Table 11). The luxury consumption capacity of Caucasian 
bluestem for 60 Ibs N (Fig . 4) would be 74 lbs Klacre per yr (89 Ibs K:!O), per acre per 
year. 
Potassium-120 lbs N. The application of 120 lbs N combined with 60 Ibs PzOs 
annually used the initial exchangeable K in the soil to produce one of the statistically 
highest bluestem yields of the study, 4.59 ton/acre, treatment (2-3-1) (Table 9). The 
2-Y-l series, (Table 11) removed 2971bs K from the soil during the five years of the study. 
The critical K concentration of Caucasian bluestem was reached as mentioned above. The 
mean forage K content for cuttings I and 2 of the 2-Y-I series was 0.84% (Table 11). 
The luxury consumption capacity for Caucasian bluestem with 120 Ibs N (Fig . 4) was 
10 Ilbs Klacre per yr (l21lbs K20). This quantity was three-fifths the 150 Ibs K20 of the 
2-Y-4 series that produced an exchangeable K soil test value for the 0-3 in. depth 0073 
Ibs/2 million Ibs of soil. Obviously, the 121 Ibs K20 would be in excess of production 
needs because the statistically highest yield was produced with no K20 topdressed 
treatment (2-3-1) (Table 9); the initial exchangeable K soil test level was 188 Ibs for the 
0-7 in. depth. The final soil test value of exchangeable K for the 0-3 in. depth was 108lbs 
for the 2-Y-l series, (Table 12). The final 0-3 in. soil test value forthe (2-3-1) treatment 
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was 103 Ibs/2 million Ibs of soil. Ie was apparent the initial soil test exchangeable K of 
188 Ibs was in excess of crop needs. See appendix table 3 for exchangeable K soil test 
values by one-inch depths for treatments (2-1-1), (2-2-1), and (2-3-1). The 1977 yields 
for these treatments were 4.84,5.46,5.91 con/acre, respectively (Table 14). 
Final Soil Test Values 
A major objective of this study was co determine the 0-3 in. depth P205 and 
exchangeable K soil test values associated with optimum forage yields, and the amounts 
ofP20 5 and K fertilizers co copdress co maintain these soil test values. It was thought after 
5-7 years the relationships between annual rates of fercilizer application, yields, 
quantities of nutrients removed in the forage, and the resulting soil test values of the plow 
layer were reasonably well established co have predictive value. Consequencly, the soil of 
all plots was sampled by one inch depths co a depth of six inches as was the 8-14 in . depth 
of each plot. 
Results of the P20 S and exchangeable K for the six one-inch increments and the 8-14 
in. depths for the bluestem study are given in appendix tables .1 and 5. The arrays of soil 
test values by one-inch depths (Appendix Table 3) show the effect of copdressed P20 5 and 
K20 fertilizers, and extraction of P and K by bluestem roOts during the study. 
As explained with switchgrass in Study J, varying soil moisture with depth in the 
plow layer and differential downward movement rates of P and K account for these arrays 
of soil test values. Means of the values fur the 0-3 in . depths are given in table 9 and 
summarized in table 12 . As discussed in Study J with switchgrass, those soil test values of 
the 0-3 inch depth which accompained optimum forage yields and minimum nutrient 
application rates are the levels co be maintained for the desired forage yield . An increase in 
these values due to either fertilizer topdressings or nutrient recycling under pasturing 
indicates reduction of fertilizer application rates. An increase in those soil test values 
would increase the nutrient level in the forage because of luxury consumption but would 
not be an efficient use of fertilizer nutrients . 
Quadratic relationships between 0-3 inch soil test values and optimum yields were 
determined by using the mean values of the upper three inches of soil of each treatment 
and the forage yields for the last three years of the study, assuming the final soil test values 
were practically the same during the previous three years . The optimum yields considered 
as 100% were the yields for the (1 2 2) treatment for 60 Ibs N and those of the (2 2 2) 
treatment for 120 Ibs N . 
Phosphorus 
The relationships between forage yields and 0-3 inch P20 S soil test values for 60 Ibs N 
given in Figures 11 and 12 were developed from data in Table 13 and the relationships for 
120 Ibs N are given in Figures 14 and 15 using data in Table 14 . With 95 % of optimum 
yield as a yield goal the PI and P2 soil test values for 60 Ibs N would be 43 and 58 Ibs 
respectively (Fig . 11, 12). For 1201bsN, the values would be 34 and 46 lbs , respectively, 
when exchangeable K was present in adequate amounts (Fig . 14 , 15). 
On a practical basis , the P20 S values for the 120 Ibs N should be used when fertilizing 
for yields produced by 60 Ibs N because P was never a limiting nutrient in this study with 
the 60 Ibs N treatment series. The 0-3 in . PI and P2 soil test values , 34 and 46 Ibs, 
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respectively, for Caucasian bluestem were not practically different from those found for 
Blackwell switchgrass to produce optimum yields with either 60 or 120 lbs N topdressed 
annually. 
Potassium-60 lbs N. The initial exchangeable K soil test value of 188 Ibs/2 million 
lbs of soil supplied all the K necessary for forage yields with 60 lbs N with or without 
topdressed PZ05 (Table 9). The 1-Y-1 series removed 228 lbs K in the forage during the 
study with a final exchangeable K soil test value of 122 lbs (Table 12), a reduction of 66 
lbs from the initial value . The 1-Y-2 series supplied 208 lbs K as fertilizer with the 228 
lbs K possible from the soil, as indicated by the l-Y-l series, to supply 436 lbs K for 
bluestem absorption. The 1-Y-2 series removed 352 lbs in forage leaving 84 lbs K co 
increase the soil test value above the 1-Y-l series . The final 0-3 in. exchangeable K soil 
test value ofche 1-Y-2 series was 172lbs (Table 12), 50 lbs more than the 1-Y-I series and 
less than the initial 188 lbs . Figure 4 indicated that 89 lbs K 10 lyr would satisfy the 
luxury consumption capacity of bluest em for 60 lbs N . The l-Y-2 series lacked sufficient 
KzO to meet this absorption capacity (188 lbs initial-l72 lbs final) for 0-3 in . 
exchangeable K for the 1-Y-2 series = 16 lbs exchangeable K soil test below this 
absorptive capacity. Part of the 1-Y-3 series would be used to supply this capacity; the 
remainder to increase the 0-3 in . exchangeable K soil test values . 
The 1-Y-3 series applied 415 lbs K (Table 9), with the 228 lbs K indicated by the 
1-Y-1 series, made 643 lbs K available for plant absorption . The 1-Y-3 series removed 
435 lbs K in the forage . This left 208lbs K to complete the luxury consumption capacity 
of bluestem for 60 lbs N, and increase the exchangeable K soil test value of the 1-Y-1 
series. The 0-3 in. exchangeable K soil test value for the 1-Y-3 series was 314lbs (Table 
12), 192 lbs above the 1-Y-1 series and 126lbs above the initial 188lbs exchangeable Kl2 
million lbs of soil. The 314 lbs was also 142 lbs greater than the l-Y-2 series, indicating 
more fertilizer K went into the soil than that of the 1-Y- 2 series , i. e., 50 Ibs K. The 1-Y-4 
series applied 623 lbs K that, plus the 228 lbs K indicated to be available by the 1-Y-1 
series, made 85 1 lbs K available for absorption. The 1-Y-4 series removed 498 lbs in the 
forage leaving 353 lbs K for changing the soil test value of the 1-Y-l series . The final 0-3 
in . soil test value for the 1-Y-4 series was 427 lbs, a 300-lbs increase over the 1-Y-1 series , 
239 lbs above the initial value and 113 lbs above that of the 1-Y-3 series. 
Because fertilizer K was applied in excess of plant needs by the 1-Y-3 and 1-Y-4 series , 
downward movement of K could be expected. Concentrations of exchangeable K in the 
3-4 in . depths are given in appendix table 3. Calculations for the four series give the 
following mean exchangeable K values, 3-4 in . depth; Ibs/2 million lbs of soil : 1-Y-1, 
90; 1-Y-2, 103; 1-Y-3, 127; and l-Y-4, 206. These data show K was not removed from 
the lower depths of the plow layer by the l-Y-3 series co the extent of the 1-Y-2 series, and 
that K actually moved into the 3-4 in. depth for the 1-Y-4 series . 
Quadratic relationships between percent optimum yields for the last three years of the 
study and corresponding final 0-3 in . soil test values are given in figure 13 . The data from 
which figure 13 was developed are given in table 13. The exchangeable K soil test value 
related to 95 % optimum yield is 200 lbs. This is above the value needed shown by data 
with switchgrass in Study I, and because K was not a limiting nutrient with 60 lbs N, the 
0-3 in. exchangeable K found for 120 1bs of N should be considered as the value above 
which increased yields are not be expected; 2-Y-2 series, 145 Ibs/2 million lbs soil. 
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Potassium-120 lbs N. Potassium tended to increase yields when combined with 
120 lbs N, especially when topdressed with 30 lbs P20S (Table 9). The 2-Y-1 series 
removed 297 lbs K in five years which left a final 0-3 in. exchangeable K soil test value of 
108 lbs (Table 11), and produced an annual average yield of 4.19 ton/acre. The 2-Y-2 
series where 208 lbs fertilizer K were applied, removed 446 lbs K, produced 4.72 
ton/acre, and had a 0-3 in. exchangeable K soil test value of 145 lbs (Table 12). The 208 
lbs K from fertilizer plus the 297 lbs indicated by the 2-Y-l series made 505 Ibs K 
available for absorption. Removal of 446 lbs in the forage left 59 lbs to influence soil test 
change to 145 lbs. This value was 37 lbs higher than the 2-Y-l series and 43 lbs below the 
initial value of 188 lbs. 
The 2-Y-3 series applied 415 lbs fertilizer K, removed 513 lbs K in the forage with a 
yield of 4.61 ton/acre and had a final soil test exchangeable K value of 226lbs (Table 12). 
The 415 lbs K from fertilizer plus 297 lbs indicated by the 2-Y-l series made 712 lbs K 
available for absorption. Removal of 513 lbs left 199 lbs to influence the increase of the 
0-3 in . soil test value to 226 lbs, 38 lbs greater than the initial value. 
According to the definition of luxury consumption capacity, this series should be 
close to supplying this absorption capacity for 120 lbs N. Figure 10 indicates 121lbs K20 
would supply this absortive capacity that would be in excess according to this method of 
evaluation. The 2-Y-4 series applied 623 lbs fertilizer K, removed 562lbs K in the forage 
leaving a 0-3 in . soil test value of363lbs (Table 12). The 623lbs K from fertilizer plus the 
297 lbs possible from the soil made a total of920 lbs available for absorption. Removal of 
562lbs in the forage left 358lbs K to influence the increase of the 0-3 in. soil test value of 
373 lbs, an increase of 185 lbs over the initial value. 
Calculations of the exchangeable K concentrations of the 3-4 in. depths of these four 
series (Appendix Table 3) give the following values, Ibs/2 million lbs of soil : 2-Y-l, 78; 
2-Y-2, 103; 2-Y-3, 118; 2-Y-4, 162. These values show that topdressed K20 S with 120 
lbs N reduced the extent of K removal from the 3-4 inch depth but no K moved intO this 
depth even when 150 lbs K20 were applied annually. The fertilizer K was either removed 
in the forage or stayed in the upper three inches of the soil. 
Quadratic relationships between percent optimum yield and 0-3 in. exchangeable K 
soil test values are given in figure 16 using data from table 14. The yield of treatment 
(2-2-2) is used as 100% when calculating percents of optimum yield for the last three 
years of the study. The 0-3 in. exchangeable K soil test value corresponding to 95% of 
optimum yield (Fig. 16) is 145 Ibs/2 million lbs of soil considering all P20 S application 
rates. This was the mean value for the 2-Y-2 series (Table 12); final soil test value of the 
2-2-2 treatment was 13 5 lbs (Table 9). The results of this study indicate that no yield 
increase of Caucasian bluestem would be expected with a 0-3 in. exchangeable K soil test 
value above 145 lbs Kl2 million lbs of soil. 
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General Summary 
The initial P20S soil test values for the Gerald silt loam of this study are about the 
same as the Shelby and Grundy silt loams of the cool season studies reported by Kroth and 
Meinke (1981): Gerald PI 25, P2 30 Ibs ; Shelby PI 18, P2 231bs; and Grundy PI 23, P2 26 
Ibs/2 million Ibs of soil. The rooting depths of these soils do not contain many 
weatherable P containing minerals . Consequently, the 0-3 in. P20 S soil test values to 
maintain efficient fertilizer utilization are the same: North Missouri soils PI 35, P2 50 
Ibs; Gerald P I 30 lbs, P2 45 Ibs/2 million Ibs of soil (Table 15). 
On the other hand, the North Missouri soils contain weatherable K containing 
minerals in their rooting zones. These minerals supply enough K during the growing 
season to supplement the exchangeable K of the 0-3 in . depth so a 0-3 in. exchangeable K 
soil test value of 100 Ibs/2 million lbs of soil would be the value above which no yield 
increase is expected with additional topdressed K20 fertilizer (Kroth and Meinke, 1981 ). 
This contrasts with the Gerald soil that apparently contains small quantities of 
weatherable K bearing minerals ; the 0-3 in. exchangeable K soil test value proposed by 
this study is 150 Ibs/2 million Ibs of soil. 
These data suggest that for pasture soils from which P bearing minerals have been 
weathered, the P20 S values listed above are usable in fertilization. For pasture soils from 
which most of the K bearing minerals have been weathered, i.e. soils from residual parent 
materials or soils from previously weathered glacial till, the results from the Gerald soil 
should be used. 
A summary of critical levels, luxury consumption percentages and luxury consump-
tion capacities identified by this study are given in table 15. 
The final pH values of the study are as follows: 
switchgrass-0-3 in. 6.3, 4-6 in. 6.2; and bluestem-0-3 in . 6.2,4-6 in . 6.2 . 
Rockphosphate supplies adequate P for the statistically highest yields of both grasses, 
but the forage P content is below that resulting from the 1-2-X and 2-2-X series (Tables 
4, 5, 10, 11). 
The summaries of forage P contents of both Blackwell switchgrass and Caucasian 
bluestem in tables 4, 5, 10, and 11 show that in most instances, the P contents of these 
forages are below the 0.20% P considered adequate for mineral nutrition . I Consequently, 
beef producers should maintain a mineral mixture containing P available for grazing 
animals. 
'Personal communication from Dr. J. Malcolm Asplund, Professor Animal Nutrition, Animal Husbandry 
Department , Universtiy of Missouri-Columbia, MO 65211. 
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2 
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2 1 
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2 3 
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% 
1 2 2 
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2.95 
3.34 
3.54 
2.53 
3.30 
3.29 
3.49 
85 
89 
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77 
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100 
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85 
93 
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1- 2 55 102 333 25 36 537 88 11 3 105 60 81 122 58 131 338 95 131 415 ~ ~ ~ . tr:I 
2- 3 26 40 180 12 22 368 30 42 97 24 46 98 30 37 195 27 41 290 * ::r ~ ~ 
3-4 14 25 133 9 21 245 22 25 88 16 71 90 22 26 130 19 34 198 0 ::r 
4- 5 14 26 11 3 11 15 160 19 23 87 12 22 93 16 20 11 2 18 27 152 
....., III 
en ttl ::l 5- 6 16 24 111 10 15 132 18 22 85 12 28 90 18 22 110 18 28 137 .... - (1Q 
Avg 39 63 220 25 40 360 78 101 TOT 62 93 ill 7T 96 ill IT TIi8 2§5 >( C ~ - ~ III ::l Vl r::r 
(") ,... -::r ~ ~ 
1 4 1 1 42 1 43 1 44 2 1 1 2 1 2 ~ 3 ~ 
III en 
0-1 35 634 162 33 850 265 38 727 425 32 632 573 22 36 148 20 27 235 ~r::r O 
1-2 50 230 11 5 25 305 167 24 246 280 29 187 407 18 38 92 17 25 145 (t) '-< :::..: 
2- 3 24 105 90 14 101 130 14 83 17 3 15 53 270 14 19 83 17 25 11 0 ~ ~ 
3-4 18 45 80 10 43 11 3 12 46 128 14 31 165 15 23 83 15 22 ')8 ... . 0 Vl < ::l ,... 
4-5 17 37 88 11 40 103 13 32 11 0 15 29 11 5 14 18 83 12 18 92 ro ~ <: 
5-6 19 29 92 11 23 103 14 24 105 14 22 107 14 18 83 12 17 88 ~' III 
ro - -Av g 27 330 105 IT ill m 19 ill 204 20 ill 273 16 25 95 16 22 m III ::l C 
.., (") ro 
Vl ::r Vl 
Factorial N P K Designations :> 
Depth P ~ Os PzO s PzOs PzOs P20S P2 0S "0 
Inches PI P2 Ex K PI P2 Ex K PI P2 Ex K PI P2 Ex K P P Ex K PI P Ex K 
"0 
I 2 2 (l) ;J 
0-
2 1 3 2 1 4 2 2 1 2 2 2 223 2 24 ..... X 
0-1 17 21 440 12 16 628 114 166 128 79 99 200 92 115 295 85 122 480 :;;1 
1-2 15 26 297 10 18 434 26 53 98 3D 42 111 23 31 172 45 78 308 r:::r 
2-3 11 16 188 10 14 281 17 32 97 20 33 95 52 62 108 21 25 207 ..... (l) 
! 3-4 12 16 133 10 15 165 14 27 80 15 20 91 17 20 101 15 20 145 I.>J 
4-5 10 16 120 9 12 111 16 23 77 16 19 92 12 14 98 17 20 112 
5-6 11 15 107 9 11 101 16 26 83 14 19 92 13 15 103 17 19 103 
,....... 
r'l 
Avg 13 is 198 10 14 287 34 55 94 29 39 ill 35 43 146 33 Iff m 0 ;J 
,.... 
2 3 1 2 32 2 33 234 2 41 242 S· C 
(l) 
0-1 303 393 128 302 321 177 255 306 238 321 339 448 71 665 147 42 563 225 0-'-" 
1-2 84 125 95 58 79 113 44 60 150 86 108 292 39 282 1 03 24 184 132 
2-3 47 74 87 25 37 90 21 30 1 07 34 47 165 32 112 92 23 95 1 03 
3-4 23 39 88 17 22 78 15 19 90 20 32 113 25 67 93 17 63 90 
4-5 19 31 87 14 21 77 14 19 90 16 23 95 22 34 92 19 86 98 
5-6 19 30 82 13 20 73 12 16 92 16 22 97 23 34 90 19 40 88 
Avg 83 ill 95 n 83 TOT 90 75 128 82 95 202 35 ill 103 24 ill ill 
243 244 
0-1 62 646 350 48 596 577 
1-2 25 206 222 23 176 398 
2-3 18 99 155 15 72 253 
3-4 15 52 108 14 46 170 
4-5 14 30 102 13 30 130 
5-6 15 30 102 15 21 117 
Avg 25 ill ill 2T ill 274 
_I 'Soil test values for each depth as means of three replications. Ibs/2 million lbs of soil. 
- - -- -
Factoria l Cut 1 Cut 2 Factoria l Cut 1 Cut 2 > 
N P K P K P K N P K P K P K "0 
"0 (b 
% % ::3 0.. 
.... 
1 .1 1 hi 1.02hi .0gefg .85efghijk 2 1 .1 0i .96i .08g .76hijk >< 
2 . 13fghi 1 .50bcdef .0gef g . 98bcdef 2 2 .11 i 1 .37defg . 11 bcdefg .94cdefg hi ~ 
3 .11 hi 1.56bcde . 0ge f g 1 . 05a bcde 2 3 .09i 1.47bcdefg .10cdefg 1. 10abc 0"' ,..... 
4 .11 hi 1 . 7 3a b . 08g 1 .08abcd 2 4 .12ghi 1 . 63abcd .0gefg 1 . 25a (b 
~ 
2 1 .20abc . 94i . 13abc . 77ghijk 2 2 1 .19abed . 91 i . l3a be . 66k o ~ 
2 2 .18bcde 1 . 38defg .1 3abc . 95cdefgh i 2 2 2 .1 7bcde 1.30fg .l3abc .86efghijk ....... ....... (j ~ 2 3 . 17bcde 1. 63abc d . 12abcd . 99bcde f 2 2 3 . 17 bcde 1 .61abcd .12abcd .97cdefgh III (') 
2 4 .1 9abcd 1 .73ab .l3abc 1 . 1 Oabc 2 2 4 . 17bcde 1.69abc .l3abc 1 .03bcde t: ,... (') 0 
III ....... 
3 1 .22a .83i . 14ab .75ijk 2 3 1 .19abcd .94i .14ab .77ghijk ~ . ~ 
3 2 .22a 1 .21 gh . l3abe .85efghijk Z 3 Z .20ab 1 .27fg . 14ab .87defghijk III 0 ::3 "0 
3 3 .20ab 1 .67abc .14ab 1. 00bcde Z 3 3 .Zlab 1.63abcd . 14ab .95cdefghi tXl~ 3 4 .ZOab 1 .7 4ab . 1Zabcd 1 .06abcd 2 3 4 . 19abcd 1 .84a . 14ab 1 .03bcde C ~ 
(b VI 
VI (b 
4 1 .1 7bcde .93i .1 1 bcde f g . 79fghijk 2 4 1 . 17bcde .99hi . 11 bcdefg . 69fg hijk ~ 0-
4 2 . 1Sdefg 1 .46cdefg . 12abcd . 95cdefghi 2 4 2 . 17bcde 1 .34efg . l3abc .88defghijk 3 Z 
4 3 . 15defg 1.6Zabcd . l3abc 1 . 00bcde Z 4 3 . 16cdef 1 .56bcde . 11 bcdefg . 99bcdef ..... "0 
4 4 . 15defg 1.83a .13abc 1. 02bcde 2 4 4 . 16cdef 1. 84a .1 1 bcdefg 1 . 19ab '::3~ 
---.10 
. * ::3 
"0 
"Mean of three replications. III ::3 
0.. 
~ 
(j 
0 
::3 ,... 
(b 
::3 ,... 
Appendix Table 5. Effect ofN P K Treatments on Selected Final Soil 
Test Values 8-14 Inch Depths Under Warm 
Season Grasses. 
Blackwell Switchgrass Caucasian B1uestem 
Factorial P20S P20S 
N P K pHs Pl P2 Ex K pHs P 1 P2 Ex K 
1bs /2 ,OOO,OOO 1bs 1bs/ 2 , Onn,~88 1bs 
1 1 1 4.4 11 11 153 4.5 6 8 245 
1 1 2 4 .9 6 8 154 4 . 2 11 11 100 
1 1 3 5.0 8 11 155 4.2 13 13 65 
1 1 4 4.4 8 13 242 4.2 11 11 115 
1 2 1 4 .3 6 8 220 4.4 8 8 260 
1 2 2 4.3 11 6 195 4.3 11 11 80 
1 2 3 4.6 11 11 160 4.0 26 27 145 
1 2 4 4.5 11 23 178 4.2 11 20 135 
1 3 1 4.4 6 8 158 4.6 11 8 195 
1 3 2 4.4 11 13 177 4.2 11 11 125 
1 3 3 4.2 11 11 217 4.1 11 11 195 
1 3 4 4.6 11 11 220 4.5 20 13 95 
1 4 1 4.2 6 8 214 4 .5 6 6 250 
1 4 2 4.3 6 8 225 4.2 13 11 145 
1 4 3 4.7 11 13 181 4.1 13 11 115 
1 4 4 4 . 2 11 11 203 4.2 11 8 115 
2 1 1 4.4 6 8 203 4.5 8 8 215 
2 1 2 4.2 6 6 193 4.1 8 17 220 
2 1 3 4.3 6 8 242 4.7 8 11 220 
2 1 4 4.6 6 11 175 4.1 6 13 275 
2 2 1 4.4 6 11 160 4.5 6 8 195 
2 2 2 4.7 6 8 190 4.2 8 26 240 
2 2 3 4.4 6 11 173 4.6 11 23 200 
2 2 4 4.8 6 11 153 4.2 11 26 225 
2 3 1 4.4 6 8 215 5.1 6 11 170 
2 3 2 4.5 13 13 199 4.3 8 20 200 
2 3 3 4.3 6 11 203 4.4 11 11 230 
2 3 4 4.3 13 13 179 4.3 8 11 180 
2 4 1 4.4 11 11 187 4.7 8 8 175 
2 4 2 5.0 13 13 166 4 .6 13 13 210 
2 4 3 4.4 11 11 176 4.2 8 20 215 
2 4 4 4.4 11 13 187 3.9 6 23 270 
Appendix Table 6. Soil Test Values 0-3 Inch Depths . * 
Faeteria1 Switehgras s B1uestem 
N p K P P Ex K P P Ex K 
1bs/2,OOO,000 1bs of so i l 
1 1 1 20e 22e 112i 21 i 27h 127gh 
1 2 1 51ed 67e 131 i 50def 82gh 122gh 
1 3 1 138a 191 be 143i 135ab 178de 116h 
1 4 1 22e 319a 137 i 37efg 323be 122gh 
1 1 2 17e 27e 185h 20i 27h 195fg 
1 2 2 56e 84de 167h 55de 84gh 171gh 
1 3 2 107b 150e 195h 11 Oe 145def 136gh 
1 4 2 22e 210be 227g 24h 419a 187fgh 
1 1 3 15e 23e 345def 24h 29h 303de 
1 2 3 55e 84de 297ef 62d 101 9 32 1d 
1 3 3 104b 144ed 305ef 124be 170de 337d 
1 4 3 17e 271a 312def 26h 352b 293def 
1 1 4 14e 38e 538a 17i 28h 503ab 
1 2 4 35ede 48e 429be 40efg 63gh 542a 
1 3 4 127ab 156be 473b l37ab 186de 427e 
1 4 4 21e 172be 483ab 25h 291e 417e 
2 1 1 16e 20e 118i 18i 31h 108h 
2 2 1 28de 51e 138i 52def 83gh 108h 
2 3 1 121 ab 186be 132i 145a 197d 103h 
2 4 1 1ge 226b 100i 47defg 353b 114h 
2 1 2 14e 20e 173h 18i 25h 163gh 
2 2 2 32ede 53e 122i 43defg 58gh 135gh 
2 3 2 97b 167be 144i 128ab 146def 127gh 
2 4 2 15e 14ged 159i 30fg 281e 153gh 
2 1 3 16e 26e 298ef 14i 21h 308de 
2 2 3 23e 64e 188h 55de 69gh 192fgh 
2 3 3 130ab 178be 197h 107e 132fg 165gh 
2 4 3 16e 182be 203h 35fg 317be 242def 
2 1 4 13e 21e 376ed 14i 16h 448be 
2 2 4 28de 61 e 28lf 50def 75gh 332d 
2 3 4 120ab 159be 277fg 147a 165de 302de 
2 4 4 17e 201be 359de 29fg 281e 40ge 
.. Values followed by rhe same lcrrer are nor significanrly differenr Duncans New Mulriple Range 
Tesr 0 .05 level. 
